Introduction
Periodontitis is an inflammatory disease fundamentally initiated by chronic bacterial infection [1, 2] . Current data suggest that a small group of predominantly gram-negative anaerobic or microaerophilic bacteria within the biofilm (dental plaque) are often associated with disease initiation and progression. The microbial challenge consisting of antigens, lipopolysaccharides, and other virulence factors stimulates host responses. Host reactions to these infecting agents result in the release of inflammatory mediators (cells like neutrophils, monocyte/macrophages, T cells, mast cells, endothelial cells, fibroblasts etc.) including proinflammatory cytokines [Interleukin (IL)-1, IL-6,Tumour necrosis factor α (TNF-α)] and prostaglandins (PGE2), which can promote extracellular matrix destruction (by matrix metalloproteinase; MMPs) in the periodontium and stimulate bone resorption [3] . Although these immune and inflammatory host reactions are essential for host defense against bacterial inflammation, excessive and prolonged reaction is harmful for the functional periodontal tissue.
The analysis of cytokine production levels has been also used as a tool for studying the local host response to a bacterial challenge. In particular, a large number of cytokines present in the gingival crevicular fluid (GCF) have been proposed as potentially useful diagnostic or prognostic markers of periodontal destruction [4, 5] . Various, proinflammatory cytokines like IL-1, IL-8, IL-6, TNF-α; as well as anti-inflammatory cytokines like IL-4 and IL-10, were most commonly studied in the GCF, gingival tissue and serum of the healthy, gingivitis and chronic periodontitis patients [6] [7] [8] [9] [10] [11] [12] [13] . Additionally, studies showed the pronounced effect of periodontal therapy (initial periodontal or surgical therapy) on levels of these cytokines [13] [14] [15] [16] . This increased cytokines level in periodontitis may also exaggerate the systemic conditions, like atherosclerosis, diabetes, rheumatoid arthritis, preterm birth and respiratory conditions and recently, it has been considered as a risk factor for aforementioned conditions [17, 18] .
Visfatin (also known as pre-B-cell colony-enhancing factor, PBEF) is a novel adipokine that is preferentially produced by visceral adipose tissue and has insulinmimetic actions [19] . It also functions as a proinflammatory adipocytokine that is secreted by neutrophils in response to inflammatory stimuli and upregulates the production of cytokines in the monocytes [20] suggesting a potential role in the pathogenesis of inflammatory disorders. Visfatin was found to be present in human peripheral blood monocytes [21] , lymphocytes [22] , macrophages [20, 23] and dendritic cells [20] . The presence of Visfatin in a large variety of white blood cells and the tissue-bound macrophage suggests an important role for visfatin in the regulation of immune and defense functions [24] .
Visfatin expression is up-regulated in a variety of acute and chronic inflammatory diseases including rheumatoid arthritis [25] , sepsis [26] , acute lung injury [27] , inflammation, inflammatory bowel disease [20] and psoriasis [28] and plays a key role in the persistence of inflammation through its capacity to inhibit neutrophil apoptosis. Increased proinflammatory cytokines such as IL-6, IL-Iβ and TNF-α can significantly increased visfatin expression [29] .
The periodontal inflammation upregulates some proinflammatory cytokines such as IL-6, IL-1β which in turn can lead to high expression of visfatin in periodontal tissues. In our recent study [30] the Visfatin levels in GCF and serum in periodontal health and disease was estimated and results suggested that Visfatin levels increased progressively in GCF and serum with severity of periodontal disease. However, till date, Visfatin Concentration in GCF and serum in chronic periodontitis group of patients after periodontal therapy (scaling and root planning) has not been explored. Thus, in view of the aforementioned findings, this study was undertaken to know the effect of non-surgical periodontal therapy i.e. scaling and root planing (SRP) on GCF and serum Visfatin levels from subjects with chronic periodontitis and to analyze the correlation between GCF and serum Visfatin levels.
Materials and method
The study group consisted of 30 subjects, whose age (25-52 years) and sex (15 males and 15 females)-matched, attended the outpatient section, Department of Periodontics, Government Dental College and Research Institute, Bangalore. Inclusion criteria included subjects within the age group 25-52 years with clinical signs of disease of their respective group, and who had at least 20 natural teeth. Patients with aggressive periodontitis, use of tobacco in any form, gross oral pathology, tumours, or any other systemic disease that can alter the course of periodontal disease, those who had taken medication affecting periodontal status or had received periodontal therapy in the preceding 6 months were excluded from the study. The Ethical Clearance was approved by Institutional ethical committee and Review board, Government Dental College & Research Institute, Bangalore, India. The protocol was clearly explained to all the patients and informed consent was obtained from all recruits. The study was conducted from mid September 2010 to January 2011. Each subject underwent a full-mouth periodontal probing and charting, and periapical radiographs were taken using the long-cone technique. Radiographic bone loss was recorded dichotomously (presence or absence) to differentiate patients with chronic periodontitis from other groups. Furthermore, no delineation was attempted within the chronic periodontitis group based on the extent of alveolar bone loss. Subjects were categorized into two groups based on the gingival index (GI) [31] , probing depth (PD), periodontal attachment level (PAL), and radiographic evidence of bone loss. Group 1 (healthy) consisted of 15 subjects with clinically healthy periodontium, GI = 0 (absence of clinical inflammation), PD 3 mm, and PAL = 0, with no evidence of bone loss on radiographs. Group 2 (chronic periodontitis) consisted of 15 subjects who had signs of clinical inflammation, GI > 1, PD 5 mm, and PAL 3 mm, with radiographic evidence of bone loss. Patients with chronic periodontitis (group 2) were treated with SRP, GCF and serum samples were collected 8 weeks after the treatment to constitute group 3 (the after-treatment group)
Site selection and GCF fluid collection
All the clinical and radiological examinations, group allocation and sampling site selection were performed by one examiner (ARP) and the samples were collected on the subsequent day by a second examiner (RNM). This was undertaken to prevent the contamination of GCF with blood associated with the probing of inflamed sites. Only one site per subject was selected as a sampling site in groups 2 and 3, whereas, in the healthy group, to ensure the collection of an adequate amount of GCF, multiple sites with absence of inflammation were sampled. In chronic periodontitis patients, sites with > 2 mm clinical attachment loss were identified, and the site showing the highest clinical attachment loss and signs of inflammation, along with radiographic confirmation of bone loss, was selected for sampling, After making the subjects sit comfortably in an upright position on the dental chair, the selected test site was air dried and isolated with cotton rolls. Without touching the marginal gingiva, supragingival plaque was removed to avoid contamination and blocking of the microcapillary pipette. GCF was collected by placing white color-coded 1-5 μl calibrated volumetric microcapillary pipettes 1 by placing the tip of the pipette extracrevicularly, until it gently touched the marginal gingiva, a standardized volume of 1 μl unstimulated GCF was collected. The test sites which did not express standard volume (1 μl) of GCF were excluded and micropipettes contaminated with blood and saliva was discarded. Periodontal treatment (SRP) was performed for periodontitis patients at the same appointment after GCF collection. After 8 weeks, GCF was collected from same site of the subjects in Group 2, and included in Group 3. For this 8-week period, subjects were called at one-week interval and plaque control measures were performed.
The GCF collected was immediately sealed with sterile aluminium foil and transferred to plastic vial and stored at −70
• C till the time of the assay.
1 Sigma-Aldrich St. Louis, MO, USA.
Collection of serum
Two milliliters of blood was collected from the antecubital fossa by venipuncture using a 20-gauge needle with 2 ml syringe and immediately transferred to the laboratory. The blood sample was allowed to clot at room temperature and, after 1 h, serum was separated from blood by centrifuging at 3000g for 5 min. The extracted serum was immediately transferred to a plastic vial and stored at −70
• C till the time of assay.
Visfatin analysis
The samples were assayed for Visfatin levels using commercially available enzyme-linked immunosorbent assay (ELISA) kit.
2 Samples were analysed at the Department of Microbiology, Kempegowda Institute of Medical Sciences Bangalore, India.
All reagents were allowed to warm to room temperature (18) (19) (20) (21) (22) (23) (24) (25) • C) before use. It is recommended that all standards and samples be run at least in duplicate. 100 μl of anti-Visfatin antibodies were added to each well and incubated for 1.5 hours. The solution was discarded and the wells were washed 5 times with wash solution (200 μl each). Then 100 μl of each standard, positive control and sample were added into appropriate wells. Wells were covered and incubated for 2.5 hours at room temperature. The solution was discarded and wells were washed 4 times with wash solution (200 μl each). 100 μl of prepared HRP-Streptavidin solution was added to each well and incubated for 45 minutes at room temperature. The solution was discarded and wells were washed 5 times with wash solution (200 μl each). 100 μl of TMB One-Step Substrate Reagent was added to each well and incubated for 30 minutes at room temperature in the dark. 50 μl of Stop Solution was added to each well. Absorbance of the substrate colour reaction was read on ELISA reader 3 using 450 nm as primary wavelength. The total Visfatin was determined in nanograms (ng), and the calculation of the concentration in each sample was performed by dividing the amount of Visfatin by the volume of sample (ng/ml). 
Statistical analysis
All the data were analyzed using a software program. 4 Based on the pilot study including five subjects in each group, the sample size was estimated at 15 subjects in each group to achieve power to detect a difference of 0.5 between the null hypotheses. Accordingly ANOVA tests were carried out for comparing the means of Visfatin concentration in different groups. Pair-wise comparison using scheff's test for GCF and serum Visfatin was carried out to explore, which pair or pairs differ significantly at 5% level of significance. Paired t test was used to compare Visfatin concentrations in GCF and serum in groups 2 and 3.
Results
The Visfatin concentrations obtained for all the groups are shown in Table 1 . The mean Visfatin concentration in GCF was observed to be the highest in group 2 while least in group 1. Group 3 mean Visfatin concentration in GCF was similar to group 1. However, the mean Visfatin concentration in serum was found to be least in group 1 and group 3 and highest in group 2.
To test the equality of mean between the groups ANOVA was carried out and hypothesis was rejected at 5% significance (Table 1) . Further multiple comparisons using Scheff's test was carried out to find out which pair or pairs differ significantly. On comparison of group 1 and 2, 2 and 3, the difference was statistically significant, both in GCF and serum (p < 0.001) (Table 2). When group 2 and group 3 were compared using paired't' test, the difference in the concentrations of Visfatin was statistically significant in both GCF (t = 24.607) and serum (t = 21.695) at p < 0.001.
4 SPSS version 10.5, SPSS Inc., Chicago, IL, USA. 
Discussion
The present study was designed to estimate the GCF and serum Visfatin concentration in periodontal health and disease as well as to evaluate correlation between GCF and serum visfatin levels before and after treatment.
Our present study comprised of three groups (healthy, chronic periodontitis and chronic periodontitis after treatment) to explore the role of SRP on GCF and serum Visfatin concentration, in addition to our recent study [30] where the Visfatin levels in GCF and serum in periodontal health and disease was estimated and results suggested that Visfatin levels increased progressively in GCF and serum as periodontal disease progressed. The additional group of periodontitis after treatment in our present study helped us to evaluate the effect of periodontal therapy on visfatin concentrations which can further confirm its role in periodontal disease.
In the current study design, the influence of age and gender on the Visfatin concentration was minimized by including an equal number of males and female in each group and selecting the subjects within the specified age group (25-52 years) . The variability in the concentrations in each group could be due to different stages of the disease process at the time of collection of the GCF and serum samples.
In the present study, the extracrevicular (unstimulated) method of GCF collection using microcapillary pipettes was employed to ensure atraumatism, to obtain an undiluted sample of native GCF whose volume can be accurately assessed and also to avoid nonspecific attachment of the analyte to filter paper fibers [32, 33] . The disadvantage of this method is the possibility of trauma to the marginal gingiva, and care was taken to avoid this during GCF collection. Furthermore, loss of GCF due to sticking of the sample to the capillary walls was avoided by flushing the capillary with a fixed amount of diluent, which was taken into account during the final calculations. In the present study, the use of commercially available, sensitive ELISA kit to quantify Visfatin from selected sites allowed us to avoid pooling of GCF samples from multiple sites or subjects.
The results of the present study indicated that concentration of Visfatin both in GCF and serum was highest in chronic periodontitis and decreased after periodontal therapy. Further the proportionate increase in levels from healthy to periodontitis groups in both GCF and serum confirms that Visfatin is released by predominant cells of periodontal disease activity. The concentration of Visfatin in the GCF was found to be greater than serum in all groups. This may be due to localized secretion of the Visfatin from the cells of periodontal tissue in response to inflammation. While in after treatment group (of chronic periodontitis) the mean concentration of Visfatin was similar to healthy subjects.
The wide range observed in the Visfatin levels in periodontitis and after treatment group could result, in part, from differences in disease activity and crevicular fluid flow as well as from the variations in the number of PMNs migrating into the crevice.
Visfatin and its mRNA expression are significantly increased in patients with inflammatory bowel disease [20] , those with rheumatic arthritis [25] and in acute lung injury [27] . Visfatin enhance the expression of the adhesion and inflammatory proteins, ICAM-1, VCAM-1, E-Selectin [34] . Visfatin levels in chondrocytes increase in response to IL-1β and act in an autocrine /paracrine manner to trigger PGE2 synthesis [35] . Several lines of evidence demonstrate that adipokines, released by white adipose tissue, participate in a wide variety of physiologic and pathologic processes, including immunity and inflammation [36] . In the light of our results, we suggest that GCF and serum Visfatin concentration increases with severity of periodontal disease. Elevated serum Visfatin concentration is a known risk factor for cardiovascular disease [21] . This increased concentration of visfatin in periodontitis subjects, as seen in our study, indicates that the latter may raise the risk of developing cardiovascular disease. Therefore such increase in the serum concentration in chronic periodontitis patients may exaggerate or provoke such conditions in otherwise healthy individuals. Also, decreased level of such cytokine after periodontal therapy may reduce the risk for such conditions and so it is to be targeted for therapeutic potential in the treatment of periodontal diseases. Prospective studies with a larger sample size are essential to consider the rise in serum Visfatin as a risk factor for cardiovascular disease.
Conclusion
Based on the findings of the present study, increased Visfatin level both in the GCF and serum may suggest that its role in the pathogenesis of periodontal disease can be proposed.
Further longitudinal prospective studies involving a larger population are needed to confirm the findings of present study and to better understand the role of Visfatin in the pathogenesis. Also, addressing the clinical implication and pathological mechanism of Visfatin in periodontal disease progression are warranted.
